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Abstract
lRAS images, carbon monoxide obscrva(ions  at 2.7 n}n] (CO, lkO, and C’80), and blue cx(inction  from
s[al” couJIIs  have been used for a large scale study of the 1.134 conl~]lcx  of high lati[udc  clouds. We have
corrclakd  (hc diffcrcn[ [racers in order to investigate t)ic range of physical conditions for which these

(I”acers apply. WC find (ight ]incar  correlations bc( WCCII ‘3C() and AB, and ‘3C0 and Nlw.  mC quantity
Al,m is the infrared emission of jnncr cloud regions ob(aincd from [Ile relationship AllW=llw-lJG),  where

@ is the value for /#l ,W in the outer regions of the clouds. We find that Allm probes the same regions as
‘3C0 and can lhcrcfore bc used to predict the ‘3C0 emission. Ikom the correlation between ‘3~0 and AB,
and the CO mcasurcmen(s wc dc[crmine an average ‘3C0 abundance in the complex which does not differ
sig[lifican(ly  from other s[udics. IIowcvcr, [hc abundance in lhc tralisluccnt  cloud 1-1780  is about a factor
4 lower than in [hc opaque clouds 1.134, L1 83, and L] 69.

Using the 13C0 observations wc have compiled the properties of 18 clumps in the complex, The
clLm~ps  follow clear lumillosity-siz.c  and size-lincwidth lclationships,  3’hc size-lincwidth relationship is
consistent with a power law with exponent 0.S. l“he derived ambient pressure acting on the clumps is of
mdcr p/k=2x  104 Kcm-3.

Bo(h molecular and infrared data show that tllc ulwaviolci radia(ioll  field in the complex is anisolropic.
Illis is consis(cn(  with the prcscncc of tie nearby U\) sources ~ 01)11 and the Upper Scorpius  013
association. l“hc dcnscsl regions in the complex as delineated by the ammonia cores can be found close
(o (he low illumination edges of Ihc clouds. In addi(ion,  a higher dcnsily  con[rast  on the shadow side can
bc observed. l’hcsc obscrva[ions  suppor( [hc view (hat the aniso(ropic  UV field affects the density
distribution in the clouds and that  the increased strcng[ll  of (he UV field causes a bigger halo on the

illuminated side. The influcncc of the (JV field ul)on Ihc a])pcarance  of clouds is most evident in the ou(cr
layers of a cloud. Il]c inner, denser, and well-shielded ])arts  seem much more similar, Judging by the
uniform bchaviour of rnos( (racers. l~owcvcr,  (he displaccmcn[  of the ammonia cores with respect to the
cloud ccntcrs suggests the cffec[s  of the anisotropy extend down to the denscs[  layers of the clouds.

Sul~ect  headings: infrared emission, molecules, molecular clouds
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1. Introduction

The swuctui-c  and interior physics of interstellar clouds arc oflcn inferred from rnolccular  ]inc observations.

The intcrprc(ation  of molecular lines, however, depends upon paramc[ers  (such as fractional abundance,
excitation dcgrcc, and line saturation dcgrcc) that  arc difficul(  [o dc[crminc  indcpcndcn(ly.  An altcma(ivc
(racer is infrared emission from dust. IRAS has provided an all-sky database (o study infrared emission
al 12, 25, 60 al]d 100 pm. Wi(h (hc development of inlproved  mapping algorithms, structures can bc
studied wi[h an accuracy bc[[cr [ban previously possible using the same ini Iial  data, 71is allows detailed

analysis of molecular clouds including t}lc  smaller and cooler onc.s  with rcla[ively  low surface brightness.
I’hc in(cq)rc[a[ion  of diffuse IRAS emission is not s~aightforward  duc to (hc prescncc of different dust

components. l’hc 10 – 100 pm emission has been attributed to a panicle mix which consist of large
IIIOICCUICS, very small grains, and classical grains (Draine & Anderson 1985; C%lewicki & Laurcijs 1988;
Ma[his & Whiffcn  1989; Ilclou,  1989; Ddsert, Boulangei  & Pugct 1990). Boulangcr et al. (1990) added

a ncw dimension 10 Ihc COIllplCXily  by observing infrared color varia[iom which cannot bc explained by
models assuming a fixed grain composition. T1lCSC variations may rcflcc( changes in dust composition.

In this papcl-, wc combine data on dust and molecular line emission, We analyz,c the morphology and
propel-tics as well as the inter-rcla(ionships betwcxn frequently used tra.ccrs  of molecular clouds: carbon
monoxide emission at 2.7 mm, infrared emission dctectcd hy IRAS, and blue extinction derived from star-
counts. Special attcn(ion  is given to the prescncc of strollg infrared color  variations and rnolccular line
emission as rcpor(ed  by Iloulangcl-  c1 al. (1990), LaurciJs,  Clark & I’]usti  (1991), and Abcrgcl cl al.
(1993).

I%c complex of clouds ccn(crcd around the dark cloud L134 ~ynds 1962) is a suitable region to

analyze diffuse and dense parts in clouds. I%e complex is situatc~i  at high galactic la(itudc  (/=5°, b=36°)
whit}] mininliT,cs  the likelihood of unrcla[cd  emissior~  alolig  the line of sight. A distance to the complex

of 11 Of 10 pc was measured by Franco (1989) from photon]  ctric  obscrvat ions of field stars. The proximit y
to the sun allows study of small  linear  scales even with [hc limi[cd IRAS resolution of about 5’ which
corresponds (o 0.16 pc. The clouds L134 and 1,183 contain dense cores which have been s(udicd
cxtcnsivcl  y in the past (e.g. Mattila 1979; Clark and Johnson 1981, S wade 1989a, 1989b and rcfcrcnccs
therein). In addition, the complex includes a nurnbcr  of lower opacity  molecular clouds previously detected
in CO (Magnani, Blitz & Mundy 1983). In Table 1 wc have list~ the names and positions of the main
clouds wc investigate in this study.

The observational procedures and data collection arc described in section 2. Carbon monoxide and
infrared images arc prcscntcd in swtion  3. This s~[ion includes a description of the position of the L134
complex in its galactic neighborhood. In s~tion  4.2-4.5 we analyze mostly empirically general correlations
bctwccn infrared, carbon monoxide, and extinction in (I1c fcmr densest clouds. In section 4.6 the influcncc
of (he anisotropy of the LJV radiation field is examine.d by considcriilg  slices through two clouds. Thc
pr’opcrtics  of lJCO clumps arc invcs[igatcd  in s~[ion 4.7. h] section 5 wc illtcrI)re.t  the measured quanti[ics
and corrclat ions by comparison wi [h previous ot~scrvalio[ls  and models. In section 6 wc discuss our
observations in (crms of cloud stability and s~cture. WC I)rescnt cvidcncc [ha( the anisotropic radiation
field in the COnlj)lCX affects the lnorpho]ogy of the c]ot]ds.  lIc conclusions arc stated in section 7.

2. Observational Material

2.1. C(]t-bot(  Monoxide
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Spcc(ral lines of (hc CO, 13C0, and C180 .I=l -O transitions were collected with the 4 meter tclcscopc of
(hc University of Nagoya (Kawabata c1 al. 1985) in the period Dcmmbcr  10, 1990- January 14, 1991.
311c [clescopc has a spa[ial resolution of 2:7 (FWHM) and is equipped with a Helium cooled S1S rcccivcr
(Ogawa et al. 1990). Spech-a were obtained by switchi!lg  the frequency over an interval of 13 MHz. To
ensure [ha[ wc did nol overlook broad spectral features, deep posi(ion-swi(chcd  spectra were (akcn at
suspcc(  broad-wing positions. llc channel scpqation  of the 1000 channel acousto  optical spectrornctcr
was 50 kl i7., corresponding to a velocity resolution of 0.13 kms-] at 115 GHz. The system temperature
was of order 200-300 K for 13C0 and C1*O  at 110 GHY., and 600-800 K for CO at 115 GHz. The targe[
rms noise per channel was chosen to bc lCSS than 0.1, ().4, and 1.2 K for the C**O, lJCO, and CO lines,

respectively. During optimum sky conditions, an in[egta(ion  (imc of 20 seconds was sufficient to obtain
an rms noise lcvci  of Icss than 0.35 K per channel at 110 GHz.

Both stabili(y of the rcceivcr and elevation dcpcndcncics were monitored by frequent observation of
[he L183 ammonia core @A 15’’ 51”’30s, Dcc -2 °43’31”; Ungcrcchts,  Walmsley & Winnewisscr  1983;
S wade 1989a) and by dctcrmina[ion of (hc atmospheric opacity T by means of sky-dipping. The peak
anlcnna  tcmpcraturc  7~* of [he rcfcrcnce line varied by less t}]an 5% when the elevation angle z varied
bclwccn  30° and 50°. Since this variation is of order tllc relative uncmtainties  in the peak tcmpcraturcs
(3- 1070), wc ignored ttIC systematic variations wi[hin tllc observed elevation range. Extrapolation of the

empirical linear relationship bctwccn  TA” and ~*coscc(z)  to z=90° showed that the spectral lines would bc
on average 570 and 10% brighter at 110 and 115 GH7., rcspectivc]y,  when observed in the zenith.
Accordingly, correction factors of 1.05 and 1.10 have been applied.

The absolute (cmpcraturc  calibration was performed by daily observation of the Orion-KL position.
l“hc average peak TA* was observed to bc 65 K by fit(ing a gaussian line prone, This result has been

~ –84 K, the brightness tcrnpc]aturc measured with the Millimeter Wave Observatory ofcompared with T ● –
the University of Texas (Schlocrb and b-en, 1988; Wootton, private communication). Assuming that the
beam of the 5 meter MWO tclcscopc is similar to that of the Nagoya telescope, a forward spillover

correction of q1,~~=65/84=0.8  was adopcd  to convert TA* to TR* (Kutncr and Ulich 1979).
Similar observations of the Orion KL, position in the other CO isotopes yield values for ~m that are

10-25% lower than the vaIue found for CO (namely 0.7 and 0.6 for 13C0 and C’*O, respectively),
depending upon the adopted reference TR”. We have not corrected the data for these results but rather
considcrcct  the different q~,~~ as part of the unccr(aintics  in the calibration of the carbon monoxide data.
Consequently, wc estimate an unccr(ainty  in the temperature calibration of at most 2570.

Ihc frcqucnc y switched spectra were corrcctcd  for baseline ripples and zero level offsets by subtracting
third order polynomial fits. In the following sections wc denote the velocity integrated emission jT~”dv

of CO, 13C0, and C180 by W12,  W13,  and W18, respectively. For compariscm  with the infrared and extinction
maps, the CO maps have bwn  convolvd  with a Gaussian (o an cffcc(ivc  resolution of 5.4 arcminutes.

2.2. Itlj-ia?cd

lRAS irnagcs  at 12, 25, 60, and 1 ()() pm were Ot)taind  using BIG MAP 2 coaddirrg software (Whecdock
and Kcstcr 1989). Elcforc  coaddition, the individual scams at 12, 25 and 60 pm were smoothed to a spatial
rcsolut  ion of 5’ to match the resolution at 100 pm. The zodiacal cni ission  was removed from the scans
by subtraction of (I1c semi-empirical model derived by (;ood (1988). WC note that one of the zodiacal y-
ballds runs parallel to the l“lclipt  ic p]anc approximatcl y tl[rough  RA= 161’00”’, Dcc=-6°00’.  The band runs

just below the ccnlral  cloud complex bu[ above 1,1780. Since the band has a co]dcr  spcc[ral  distribution
(ban the ~,odiacal  dust cloud wc do not expect arly serious contamination in ihc main clouds by the ~-band
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at 12 }]m. AI 100 pm [I]c cxccss  emission is [Icgligiblc.  Al 2.5 arid 60 pm there may bc an additional
gradient. In order to cxtrac[ (hc emission associated with the clouds orlly, wc applied an additional
background subtraction by rcrnoving  a tilted plane ihal  has been fitlcd [o emission free regions of the
images. Tlesc regions were dcterrnincd  by eye.

Wc also used the All-Sky JRAS low resolution maps with 0:5xO!5  pixc]s  for which the zodiacal
emission was subtracted using the Good (1988) rnodcl (Okcn,  Gautier  & Whcclock  1988).

2..?. Errinc(ion
A blue cx(inc(ion  (AB)  image derived from star counts of an ES() J pla(c.  has been taken from Mattila  and
Schnur (1994). The. initial slal count map has a rcscau size (and pixc.lsiT,c)  of 5{6x5<6  and covers an area
of abou[ 2~5x2Y5 centered a{ RA=I Sb 51”, I>cc=–3@ O’. Ille ex(inc[ion map includes L183, 1.169, and a
large fraclion  of 1.134. Star count da[a of 1,1780 with 3’x3’ resolution have bc.cn Iaken from Ma((ila

(1979). The slar counts of L] 780 were convermd (o C.xtinc(iorl  using [hc method described in Mattila
(1986) and subscqucnlly smoothed to a resolution of 5’.

3. Presentation of the data

.3.1. lnfr-atcii  A40rplIoIogy
1’o show the location of W 1.134 complex in Ihc. infrare(i  sky, wc have displayed 100 pm images on two
different scales in Pig. 1. 3?]c large scale image (Fig. la) shows that the 1,134 complex is on Ihc edge of

an cx(cnded infrared emission region wi(h the Ophiuch\ls  complex of dark clouds approximately in its
ccn[cr.  This region runs from galac[ic  longitude /=3300 to 1=25° and extends out to about b=40° at /=OO.

Studies of Ihc Ophiuchus complex of dark C1OUCIS (dc Gcus 1990, and rcfcrcnccs therein) and the lJppcr
Scorpius  OB association (Blaauw, 1991 ) have indicated that the region nlust be shaped by supernova
explosions and s[cllar  winds from lhc OB association. A]lothcr  molecular study by Nozawa C( al. (1991)
has shown that lhc star forlnation  rate is remarkably low in the llor(hcrn  part of t}]c Ophiuchus complex,
and has suggested tha[ lhc strong UV radiation may play a role in regulating the rate through enhancing
the ionization rate of the molecular gas. The elongated st] ucture in which the L134 complex is embedded
appears in Fig. 1 as onc of the most distant filaments surrounding the Upper Scorpius OB association. llc
filament can also bc seen in (1IC 11[ maps presented by (:olomb, Poppcl & Heiles  (1980). OrI a srna]lcr
scale. (l~ig.  1 b) the filament consists of fragmcn[s in m’hicb the dark clouds L183 and 1.134 are the
brightest features. I%c dense clouds, including the smallc;  clouds MBh4 38 and ME3M 39 are situated on
the edge of a bubblclikc structure of about 5° in diameter centered on [=8°, .b=40°.  1.183 and Ll 34 arc
elongated in the direction perpendicular to the fi!arnent.

Photometric measurements of late type stars by F] anco (1989) show that the L134 complex is
cmbcddcd in a region of siT,e  of about 8°x50, with a photometric distance of 11 W 10 W, and a color
cxccss  of E(b–y)=O.2  msg. The hwgc extent of tlm rcgio]] suggests thal Franco measured the distance to
(IIc. filament seen in emission at 100 pm. France’s distance dctcrrn inat iol] colnpares well with the distance
of 160 pc dctcrmincd by Sncll (1981), who applied the sa{ne  method but used brighter s[ars  in a 20°X200
area obtained from published catalogs. As Franco surveyed a smaller area of 8°x90, the larger region that
has been analyz.cd  by Sncll could bc biased by clouds in the related Ophiuchus cloud complex. This is
colisislcnt  with the upper limit of 170 w for the distance to the Ophiuchus cloud complex as cstirnatcd
by de Gcus ct al. (1990). Wc also conclude that the 1.134 cornplcx  and ttw Ophiuchus  complex are related
as suggested by the infrared morphcdogy.
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I’lIc dak C!OudS aIC ]cadily distinguished  as areas of brigh[er  100 }]n) emission (Fig.  1 b). The clouds
1,183, 1.134, and 1.169 arc connecm.d  by low brightness filamentary s[ruc[urcs.  Ile association of MBM
39 and MJIM 38 will]  IbC main complex is sugges{ed  I)y the connecting cirrus regions. L1780 appears

isolated from the emission region around L] 34 and 1.183, and is si[uatcd  in an empty region bctwccn  two
lalgcr s[ructurcs.  I’hc lack of surl-ounding  material has also been noticed by Franco (1989) from the
analysis of the color excess of s[ars. L1780 exhibits a comctal’y  tail poi]][ing in the direclion  of Upper
Scorpius  011 association. We noIc that the clouds 1.1778 and ‘ ‘feature 2” measured by Clark and Johnson
(198 1 ) correspond 101,1780 and 1.169, rcspcc(ively,  in this study.

l?VJ ccntcr of the 1.134 complex in the foul IKAS bands is plcscnted  in Fig. 2. In the immediate
vicinity of the dark clouds  1.183 and L] 34, wc Ol)serve  a poor correlation between the emission al 12 and
25 pm on the onc hand and 100 p[n on the otlier.  Both the 12 arid 25 pm images show a a gradual
incrcasc  in brightness from North to South. The posi[iotl  of the center of 1.134 is associated with a well
dcfmed emission minimum erlcirclcd by a rim of 12 prm emission, Wc see no emission at 12, 25 and 60
pm that can bc related to [lIC northern Icgion of 1.183 where the ammonia core resides. Most noticeable
at 2S pm is the rim on tl)c  S1; side of 1.134, wit}) a cent] ast greater than its countcrpar[  of 12 pm. l’hc 60
pm image shows a good correlation with [hc 100 pJn m(mphology,  btu the correspondence breaks down
irl the highcl-  opacily  rcgiolls.

l’hc infrared maps of the other clouds arc displayed in Figs. 3 (1,1780), 4 (MBM 39), and 5 (MBM
38). MBM 39 lies On tllc edge of an cxtcndcd  c]nission Icgion  with a North-Soutil  gradient, SinCc MBM
38 exhibits no dc[e.c[at]lc  12 and 2,5 }tm emission above t}lc  noise level, we have left  out its images al

these wavclcng[hs.
Wc have fourld no infrared poin[ SOUJ’CCS iri lhc ima~,es  as well as in the lRAS point source catalog

that could indicate the prcscncc of a potcn(ial  young stellar object related to the clouds. Strong infrared
point sources in the COInp]CX  are either COOI stars with a J i sing spectl um towards shorter wavelengths, or
galaxies peaking at 60 pm.

3.2. Carbon monoxide .W-Wy

The morphology of CO and ‘3C0 emission in tho inner ar ca of the L] 34 complex at velocity intervals of
().4 kill/S as WCII as the contour maps of total integrated emission arc prcscntcd  in Fig. 6, 7, and 8. The
positions of the ammonia cores ill L] 34 and 1.183 (MycIs  and Benson, 1983) have been rnarkcd  on the
maps.

ll~c carbon monoxide morphology shows solnc diffcrcnccs with the 100 pm images. At 100 pm, the
emission associated with 1.183 appears to be elongated ill the N-S direction whereas the CO emission of
the same region is concentrated along a bar OI filamcrit  t}lat IUJIS  iI) tbc E-W direction. At position
RA=l  5b53n’20s,  Dcc=-2”.35’ in the velocity interval v=O.6-  ->1.8 km/s, CO emission has been dctcctcd  that
has no obvious countcrpar-ts  in the infrared and in 13C0.  Several CO cloud components (or clumps) can
be disccrncd  at different velocities in t}~c 1.134 complex. lloth the elollgatcd  feature associated with 1.183
as well  as L1 34 exhibit a number of local emission peaks.

I’he position of the ammonia cores in 1.183 ~lld L134 cannel easily bc prcdictcd On the basis of the
CO or 13C0 maps alone. ‘f’hc 13C0 emission tnaxima in both L134 and 1,183 appear to bc several
arcminu[cs  south of the dense cores. ‘I%c intcgra[cd  intcnsily  maps (Iiig.  8) suggest that the densest regions
in the clouds arc no[ in tllc ccntcr but on the edges of the structures detcctcd in either CO or 13C0.
l’hc vcloci(y maps (Figs. 6 and ‘7) exhibit a systematic vc]ocity  variation over the complex: the lower vc-
locily features arc situated on the e.astern side, arid appear- to COJISjS(  Of smaller CIUInpS scattcrcd Over a
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Iargcl- area.
l'l~clil]c iIltcgra[cd  clllission oftllrec  iso]at~`~c() cl()I]ds  arcgivcrl  in I~ig.9@1780),  Fig. 1O(MBM

39) and l~ig. ] 1 (MBM 38). L]780  lMS a regular  morphology especially in 13c0 where it has only onc

narrow vcloci[y  component (AV=O.6  km/s). Illc olhcr clouds consist of several distinct components. The
three smaller clouds clearly show tha[ ‘3~0 peaks at positions different from those detected in CO. ln
addition, comparison bc(wccn the 13C0 and CO corrtouts  shows cvidcncc  that the 13C0 contours arc
systematically displaced in the NW direction.

4. Analysis

4.1. Radiation Field
in (his section we dcscribc the radiation field in 1,] 34 using dis[ancc estimates of the cloud complex and
nearby 011 associations. We on] y consider the UV COmpOJ lent of the in{ erstcllar  radiation field (ISRF) as
the other emission components arc rnorc unifornlly  dis[l ibutcd on linear scales of a fcw hundrcct  pc
(Ilabillg 1968, Mathis ct al. 1983),

Analysis by Blaauw (1 99]) of the 3 dirncnsio]lal  distribution of (he 011 asscrcialions  within 1.5 kpc
from the sun indicates that the 1.134 complex with a :-height  of 65 pc is situated above all local
associations. Apart from Upper Scorpius, all neal  by associations such as Ori-1, Per-2, and Lac-1, arc
situated below the plane of the Galaxy. In addition, these associations are at least 500 pc away from L] 34.
The study by Illaauw confirms the suggestion by Mattila  (1986) that the I_JV field in 1.134 comes mainly
from onc dircclion.

The nearest dominant UV sources are the Upper SCO1 pi us 011 association at a heliocentric distance
of de=] 58 pc and the 09.5V star ~ Oph at dO=2.28 pc (dc Gcus, de Zceuw & Lub, 1989). The distances
indicate that  both sources arc situa(cd  behind UN L134 complex (at 110 pe) with separations of 70 pc
belwccn L134 and Sco 0B2, and 123 pc bet wcen 1,134 and ~ Oph. Using stellar UV parameters of Habing
(1968) and assuming no extinction from intervening dust wc derive radiation densities of 11,8, and210-’7
crg cn~-3~-’  at 1000, 1400, and 2200 ~ rcspectivcl y, in the vicinity of 1,134. The derived radiation density
at 1000 A is more than 2 times the canonical value for the general interstc]lar  radiation field at 1000 ~
as obtained by Mathis et al. (1983; 4.9 10-’7 erg cm-3~-1  at 1000 A).

llc visual cxtinc(ioll  towards ~ Oph and 6 SCO (mcrnbcr of Sco 0112) is ().9 and ().5, respectively (dc

GCUS 1990). From these numbers wc estimate a visual cxt inction  between [hc tJV sources and the L134
complex of at most 0.5 msg. Depending on the LJV grai]l  albedo and the f’ar-UV  extinction properties
(e.g. Savage & Mathis, 1979), at most 80% of the (JV pho[ons  will bc absorbed if A~O.5  (Habing 1968).

In conclusion, assuming that dust extinction is negligible bctwccn the stars and the 1.134 complex, wc
infer that (i) the energy d“cnsity  carl  be as high as 3 times the average value of 4,9 10-17 erg cm-3A-’  at

1000 ~, if wc add the prcsc]]cc  of a diffuse UV componc]lt  and (ii) the lJV field at L134 is anisotropic

with 2 times more radiation from onc direction. ‘I”his radiation is also harder than the general ISRF.

4.2. Rc[ationsllips  lwt~tccn  CO, AB, and 1100
Assuming that optical cx[inc(ion  is proportional to dust c[)lunln density (}lildcbrand,  1983) and that (})C

same dust component is well mixed with the gas (e.g. Bo]llin$  Savage. & Drake 1978), we usc AB as an
cstimalor  of total colutnll dcnsily.  Wc have. dcterlnined the dependencies of ‘3C0 and infrared emission
upon All for four clouds in the complex: J_,l  34, 1.183, 1,169, and 1,1780. The regression parameters

oblaincd fIO1ll lCas[ squalc fils  arc listed in I’able 2.. In the fits, WC, have considered () < AI} <6 mag, (}IC



higher culoff  for Al} has been i[l[toduccd  to avoid large  weights to the least certain star count data (SCC
discussion by Ilicknlan arid } Icrbs[  1990; Laurcijs  et al. 1991). Wc igriored negative values of Wlj. SinCC

[hc z.cro ICVC1 at 100 pm depends on the definition of the background, wc did not impose any cutoffs in
[he inftarcd.  in [he following wc write quanti(ics  that refer to averages over clouds bctwccn brackets.

Corrcla[ion  diagrams of W13  versus A~ arc displayed in Fig. 12. Of the four clouds, 1.1780 has the
IOWCSI  dcgrcc of correlation wi[h a correlation cocfficicn[  R=O.6S. Although the scatter in the other objects
is larger than cxpectcd  from the unccflain(ies  in the individual data points, the correlation diagrams show
no cvidcncc for deviations from linearity for () < AI, < () msg. On the high extinction end, 1.183 shows
a fla[[cning in the rcla(ionship.  From Table 2 wc infer that the regressions in the three densest clouds do
I)o[ significantly differ from each other. A wcig,hted average for 1.134, 1.183, and 1.169 yields

W(’’co) = (1 .4t0.2)*[AB  - (0.4~0.2)]  K km/s, (1)

with AR in msg. Thc relationship indicates the prcscncc of a minimum extinction above which “Co  is
dctcc(cd.  TIIC value of (WIJAB)  is stnallcr  in L1780,  In addition, little llCO is dctectcd  for AE<2 msg.

l’hc ‘3C0 coluInn dcnsi[ics,  N1~, have been estimated using the 1.Tl;  analysis described by Dickman
(1978). ‘1’his method  assumes CO opacities much higher than unity so ~hat the excitation temperature can
bc derived fron] the observed T~*(CO). lle l~CO column density is obtained by assuming identical
cxcita[ioll  tempcralufcs for CO and ‘3C0 along each sightlinc.  To invcstiga(c  the relationship between NIJ
and tolal  colunul density, wc have plotted (he ratio Nlfii’,j as a function  of AB in Fig. 13. The value of
fV1~lJ is acmally dc[crmined  by ?;~”(CO)  and 7’~*(]3CO) in case both lines have identical linewidths.  We

have chosc[l to prcscnl  the data in this  form to investigate systematic variations when assuming LIE Only
values of W13  >0.3 Kknl/s  have been taken into account to avoid large random scatter duc to small Wlj.

lllc correlations prcscntcd in Fig. 13 indicate that Nlfi’,j exhibits a gladual increase as a function of

increasing All. l’hc variation in the Wend is at most 2070. Ill the two clouds with highest opacity, LI 83 and

L1 34, wc observe a turnover: N1JW13  flattens  out ~or AB >2 mag and d(XfCase5  with decreasing extinction
for AB <2 msg. ConscquclItly,  we derive the average (NJ#VIJ)  for each cloud taking those data points

with A~>2 mag (1’able 3). The averages differ in [he four clouds, increasing along with central extinction.
Wc derive (1IC weighted average for A~>2 mag:

‘w,fln) = (1 .32+0.07) 10’s cln-2K-}k[n-ls (2)

and, in combination with equation (1):

(N]3/N(112))  = (2.3f0.3)  10<, (3)

where wc assumed a constanl gas to dust ratio of (N(H2)/Av)  = 9.4 102(’ cm-2nlag-1 (Bohlin,  Savage &

Drake) and AI)= Av*(R+-l  )/R with h! = 3.1 being the ratio tmal to scleciivc  extinction (Savage and Mathis,
1979).

Since the. computation of Nlj involves the 13C0 lincwidth, N1@’ 13 is independent of linewidth.
Co!lscquc.ntly,  the observed variations in (N1fl~13)  probably arc a rcsul[ of variations in the adopted
excitation tcmpcraturcs derived from ?R(CO).  Wc have n Icasurcd the average value of 7’~*(CO)  in the
regions where AI, > 2 msg. l’hcsc mcasurcrnclits  together with the implied excitation temperatures arc
lis(cd in I’able.  3. ll~c temperatures arc lower for lhc clouds with lower (lV,~’13).
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l’he cormla(ion diagrams of /lw versus A~ arc disj,layed in Fig. 14, and the derived regression
}mramc(crs lis(cd in l’able 2. T’}lc  diagrams of 1.183 and 1.1780 indicate a gradual flattening in (11c slope
(l,#A1j)  suggesting a decrease of [lIC 100 pm emission inside the clouds. 1.134 and L169 show no evidence

for a possible ftatlcning  between O < AB <6 mag on the observed scale of 6’.

4..?. AI ,oo and W,j
Thc  analysis of the extended IRAS emission at 60 and 100 pm of 1.134, L] 83, and 1,1780 by Laurcijs et
al. (1991 ) has pointed out the cxistencc of sudden variations in the 60 to 100 micron surface brightness
ratio. It has also found that the quantity  A/,m (defined below) exhibits a good linear correlation with 13C0
column density. I iowcvcr,  the result  was based on ‘3C() data obtained from Sncll  (1981), which encompass
a relatively small region in 1.183. We therefore repeat the tnalysis  for the main clouds. Following Laureijs
el al. (1991), wc identify the 60 pm dcficicnt  regions by subtracting from the 100 pm map an emission
component associated with the emission a! 60 pin:

flllm . I ,~ – la@ MJ yfsr, (4)

where @ is the ratio /~llw in (he outer parts of tt!c  cloud.  The best value of @ rninimiz,cs  the amount of

cirrus structure in the map of Aflw. We find 0=0.? 1*0.02 in all clouds except L1780 where @O.27k0.04.
The resulting images  of Al ,m arc presented in Fig. 15a-d. The similarity with the 13C0 images (Figs. 8 to
11) is striking.

Pixel to pixel ccmcla(ion  diagrams bctweeu  ZUIW and W13  for the four Inain clouds are presented in
Fig. 16. 3’hc rcglcssion parameters obtained from the correlations between AIlm and AB as well as Af,m
and W13  have been included in Table 2. ~’he diagrams exhibit tight  relationships with correlation
coefficients in excess of 0.82. The correla(iolis  in 1.183, L] 34, and 1.169 arc to good approximation linear
confirming the results of Laurcijs et al. (19!91 ). ‘f’he parame(crs of the fi((cd regression lines (Table 2)
show that (Afl#, J) in these clouds arc sinlilar  within the uncertainties. q-here is marginal evidence for

a small threshold brightness Allw below which no 13C0 is detected. The weighted average for these three
clouds yields:

AI,W = (1 .43*0 .08)[W,,  - (0.%!cO.2)] MJy/sr. (5)

Again, L] 780 is significantly different from the other clouds, with (Af1JW13)=S.3*0.4  MJy/sr/(Kkn~/s),
a factor 3.7 grca[cr  (corresponding to several sigl na) than the average value given in equation (5). Also,
the correlation diagram for 1,1780 indicates a non-linear re.ta(ionship suggesting a stronger increase in W,J
with increasing AllW Although (All#,~) depends also upon ~, the higher  El in L1 780 cannot accounl
for the discrepancy. I’aking @=O.21 for 1,1780 yields (All#VIJ)  = 4.1*0.7 MJy/sr/(Kkm/s)  which is still
a factor 3 highcl  than in the. other regions.

]n ‘1’able 2 wc lis{ ttlc  regrcssiorl  coefficients for AllW, versus AB. l’hc ratios (Af,#A1,) for all clouds

including 1,1780 arc consis[cn[  within the uncertainties. I“he weighted average

Al,w = (1 .9k0.2) [AB-(0.M:0.2)] h4Jy/sr, (6)

indicates that Allm is only detectable above a [Imxho]d  c>tinctioIl  of All== O.? rnag. This value is C1OSC to
(11c threshold found for Wlj  versus AB (cf eq. [1 ]). The fact that (AI, MJA1,) in 1,1780 is not peculiar as
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opposed to All~WIJ  provides addi(iona]  cvidcncc (I)a[ [hc deviation mus( bc due to an anomalously low
con[cn( of 13C0 emission in 1.1780 i(sclf.

4.4. Global density distributims
Cormla(ion  diagrams have the disadvantage t)la( they c’ontain limited information about the brightness
distributions of tracers. Ex(inc(ion  is a suitable probe [o analy~~. the global density distributions of fhc.
main clouds duc 10 i[s propor[iorlali[y  with column del]si(y.  Since the clouds arc sampled by pixels of
equal siz,e, column density profiles can be ob{aincd by crca(ing  [Iic cumulative pixel distribution as a
function of decreasing cx[irlc(iot~.  IIK number of pixels at each value of Al, can be related to an area, and
hence conver(cd into an equivalent radills by assumin~ a regular cloud geometry. The distribution is

normalized by dividing by the (o[al  number of pixels for the abscissa and by dividing by the upper 10’h

pcrccntilc brightrlcss  for the ordinalc.  For comparison, [Ilc dis(ribu[ions of l~CO, Aflm, and I,m have bee])
ana]yzxd by using (I)c same method. As an cxan]plc wc l~rcscnt  (I1c sor[cd data points for L183 in Fig. 17.
Assuming spherical symmc(ry,  we have fitted a power law density dislribu~ion  (o [hc observed extinction
profi]c in Fig. 17.

‘1’hc  rcliabili~y  of the analysis has been investigated by carrying OUI simulations in which noise was
added to idealized profiles. We find [hat low signal 10 rioisc  data (s/n < 1 ()) [end to s(ecpcn the profiks
at (1IC ends as the high and low noise excursions will bc sorted into the high and low bins, rcspcclivcly.
1 Iowcvcr, even a low signal [O noise ra(io of less than 6 f<)r (he maxin~uln  brigh[ncss  vahrc has Iitdc cffcc(
on lhc ini[ial  dcnsi(y dis[ribu(ion  as the slope (in log-log space) remains (IIC same over a Iargc fraclion  of
(hc profile.

Fig. 17 shows [hat (1)c cx(inction  profile of 1,183 closely rcscmblcs  Ihc functional foml of an r-’”
density distribution. The 100 pm profile can bc ma[chcd with a shallower distribution. The cxtinc[ion
profile is slccpcr at the high extinction cnd which is most likely due to the higher uncertainties in the
cx(inction  dala. Illc results for the main clouds  arc listed in ‘1’able 4. The fl[ting procedure has been

performed in 10g-Iog  space. Thc exponents of the density distributions show relatively li~tle  variation, all
lying bc(wcen -1.1 and –1 ,6. The extinction profiles for 1.169 and 1.183 arc nearly identical whereas both
L134 and L] 780 have a significantly Iowcr cxpolwnt, Similar to the profilesofL183, the 100pm profiles
of (hc other clouds show a more gradual decline with increasing area. In contrast to the extinction and far-
infrared profiles, ‘3C0 brightness distributions in 1,134, 1,169, and L] 83 do not show much evidcncc for
a single power-law density distribution. The profiles exhibit a shallow distribution for roughly the brightcs(
50 70 of the area (exponents spanning a range from -0.5 to -1 ,5) and {hc profiles steepen in the outer
regions resembling an r-2 density distribution. Tf]c 13C0 ~}rofilc of 1.183 in Fig. 17 is a typical example.
O1ily  in L] 780, the 13C0 profile can bc fitted with an r-2 density distribution over its entire region.

4..5. l]CO vcr.!14s cl%
Among o(hcr parameters, {hc strcrtg[h  and dirc~tion of [hc radiation field affect  the emissior)  of carbon
monoxide by means of photo-diss~ia(ior~ of (11c mo]cculc.  Since! 13C0 and C180 have different
abundances, self-shielding occurs at different dcp(hs making [hc ratic) W1JW18  a diagnostic for the
pcnclra[ion  depth of (hc UV field. l’he values for W1fiJg  ill 1.134 and 1,183 as a function of AB have been
plot[cd  in I’ig. 18.

I’hc data in }~ig. 18. show (hat WJJW,8 cxllibjts a broad range of I)ossiblc  values for each cxtinc(ion
value along [hc line of sight. ‘1’IIC large span of ra[ios  at a ~~ivcr)  A~ earl [Jc. a((ribut~ to fl~c displacement

of [hc 13C0 morphology with respcci to t}lat of CIRO. This cffcc[ is illustr:ttd  in Fig. ]9d (see also scclion
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4.6. below). “1’hc  distributions of (1IC data points for L] 34 and L] 83 are similar: (1IC highest ratios WIJW18
are distributed around Au = 4 msg.

Following {hc work by van Dishocck & Black (1 988
nor-ma liz,ed  by [hc relative abundances of the iso[opcs

RN = N1JN18*[c]/[’’c]  *[ ’80]/[o]  ,

we defmc the column density ratio R N

(7)

where (hc brackets denote (hc absolute abundances of (hc atomic spccics.  In the idealimd  case, the value
of RN should approach unity  in high opacity regions where UV starlight is absent. We have adopted
abundance Iatios of [C]/[13C]=45 and [0]/[ 180]=500,  in accordance with the values used by van Dishocck
and Black. The C180 intcgra(ti  intensity  has been cent’erted to column density using the relationship
prcscntcd  by Swadc (1989b)

N,, = 8.27 1014 W,* (nl-2 , (8)

where an cxci(ation  tcmpera[urc of 9 K was assumed to compute the fractional population density in the
J=l –O state under LTE conditions. I“o convert IVIJ to A’ ,3 wc applied the averaged observed value for

N, J/W13 given in eqn (4.2.2.). This way Ihc ratio Wl~,8 is proportional to RN. The values for RN are given
011 the right vertical axis in Fig,. 18. Wc sce that  RN comes C1OSC to unity for AB >6 mag, The maximum
observed value of RN is about 4.

4.6. WV Atlisotropy
In Fig. 19 arc plotted the variations of the different trace]s  along a slice through the center of L134. The
oricnta[ion  of the slice has been chosen in such a way that it approximately points to the direction of the
Sco 0B2 association. The radiation field is expected to decrease monotonically towards positive offsets
along the slice with the maximum possible contlast, TIN ccn(er of the slice (position O) is about 1‘ south
of the position of the ammonia core (at RA= 15b51”’O(Y, I kc=-4°30’)  listed by Benson & Myers (1989).
The variation of AB which is the best column density trace~  indcpcndcnt of the UV radiation field, is given
in panel c. The extinction at O’ is a lower limit.

The variations of f12 and In arc prcscntcd in IJig 19a. ‘Ile zero level of the slices with respect to 1.134
is uncertain to about 0.2 MJy/sr.  An emission minimum is observed at position O accompanied by two

peaks on either side. The maximum on the illuminated side (i.e. the SE side) peaks at AB = 2 mag and is

almost t wicc as bright as the peak on the shadow side which occurs al A~<l msg. Thc 12 and 25 pm
emission remains relatively high (0.2–0.3 MJy/sr  above the IOWC.S1 brightness point) at positions well
outside the densest regions of the cloud where AB is less lhan 1 msg. O]) the illuminated side the 12 and
25 pm emission extends 10 more than 10 away from the cloud center, whereas on the shadow side the
cmissioll  drops below 0.1 MJy/sr al 40” from the centel. Thus IIz and Iz$ are both brighter and more
cxtcndcd on the side of the cloud which faces {tw UV field.

‘1’hc emission at 60 and 100 pm dcclinc.s  rapidly away from tile cloud’s center (Fig 19b). The 100 pm
cnlission  exhibit a peak at –1 3’, WC1l  away flonl the ammonia core, but a local maximum can bc

distinguished at position O. I’hc n~aximum  of la is also on [he illuminated side. The striking drop in lW
at –17’ was rcpor(cd  by Laureijs et al. (1 991). On the shadow side of the cloud there is little  60 pm
emission and no cvidcncc for a sccoltdary  cmissimi  peak as SCCn at 12 and 2,5 pnl. Thc difference bet wecn

(1IC  60 and 100 im~ slices defines Al ,W and is plescntcd panel e. The profile of Al,w is similar to the
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Cx(inc[ion profi]e and has a second peak at the arnmollia core.
Oftllcdlrcc  far-illfrarcd  briglltllcss  raliossl]own  irl J,arlcl f, Illcralio  I1~lz~is t}lcrllost  constant.  f,~l,$

is cvcrywhcr-c  C1OSC [o 1.0; high excursions a( positions --4’ and +-8’ have high unccrtain(ics  duc tO the low

surface brightness values at 12 and 25 pm. Both other la(ios, ll~i ,W and l~llw, show a dip in the cloud

ccn[cr.  None of IIIC three ratios exhibit an obvious dcpc]idcncc  on the direction of (hc radiation field. TM
sanlc is observed for I1~AD (Fig. 19g). Although there is a clear  minimum at the position of the ammonia

core, the ratio resumes a value of 4-6 MJy/sr/mag  in the outer regions at both sides of the cloud. However,
AllJAB exhibits a gradual increase towards the shadow side.

The morpho]ogics  of CO, ‘3C0 and C1*C)  arc rnarkcdly  diffcrcn{ from each other (Fig,  19c). CO peaks
at the same position as (11c 100 pm emission and shows no evidence for the prcsencc of the ammonia core.
lIIC same is observed in 13C0,  the peak in the ‘3C0 distribution occurs al a somewhat higher extinction,
Il}e ammonia core lies on the declining flanks of the C1O and 13C0 profiles’ on the shadow side of the
cloud. In contrast, C1gO peaks closely to the ammonia core. Consequently, Wl~lg (Fig. 19h) is high on
Ihc illuminated side alld remains low on the shadow sific.  Ilm ralio displays a maximum of 23 around
-11’, a sharp drop to a minimum of 4 at 2’ and a small local nlaximunl  at 8’.

Wc have plotted 7~+(CO)  in Fig. 19d to ob(ai.n an inlprcssion  of the variation of (1IC gas temperature
along the slice. P1-csumably,  CO is not optically thick fol offsets ICSS than --12’ and grcakx than 9’. From

posilion  -20’10 +1 O’, 7R*(CO)  gradually decrcascs from about 16 K to 10 K. Assuming the CO optically
thick and thcrma]iz,cd  in these regions, wc infer that the kinetic temperature of the gas correspondingly
should drop 7 K, from 20 K on the bright side down to 13 K orI (hc shadow side of the cloud. The drop
in 7~” is ICSS steep than the decline in W,l indicating that the lines are both weaker and narrower on Ihc
shadow side of the cloud.

A slice lhrough the translucent cloud L1780 with (hc same orientation as that of 1.,134  has been plotted
in Iiig. 20, to investigate the differences between the trticers  in case IIIC cloud’s central opacity is low

(ccntcr AB= 4.4 mag).  Wc observe qualitatively similar variations in L] 780 as for Ll 34, t}lc difference is
that the ccntcr of L1780 is not sufficiently dense and opaque to give Iisc to strong C]80 and dctcctablc
ammonia emission. Compared with L134 and L] 83, I)IC infrared emission in L1780 is significantly

brighter a! 25,60, and 100 pm. The 60 and 100 pm profiles arc asymmetric and peak at the same position
as the carbon monoxide lines. The infrared brigh[ncss  ratios (panel f) I,JIZ5  and IJllm decline towards the
shadow side and lhcl-c  is no indication that they return to their initial value. This is probably duc to the
strong dcclinc  in infrared emission on the shadow side which indicates a cornplctc  abscncc of an extended
diffuse cloud layer which is still present in the outher  regions of L] 34.

The CO emission in L] 780 is weaker than tllc corrcspcrnding  slices in 1,134. In contrast to 1-134 the
profiic of TR*(CO) in L1780 is highly symmetric. However, the lines arc nan owcr on the shadow side (cf.
W,z and TR’(CO) in Figs. 20c and d, rcsp.).

in conclusion, Olc asymnlctric  profiles of 7~*(CO) and W, JWlfi  in L] 34 indicate anisotropic
illunlination  by tllc cxtcrl]al UV field. ‘II)c molecular ]incs arc narrowcl on tl~c shadow side of LI 34 and
1.1780. The infrared brightness profiles in L] 34 and 1,1780 arc consistent with the notion that the clouds
have a larger  cxlcndcd  diffuse layer on the illuminated side.

4.7. Propel-tics of 13C0 ~h/??lJ)S
I“hc vclociI y maps displayed in Fig. 7 indicate tl\c  prcscncc of individual cloud components which could

bC isolalcd both in velocity and map space. WC analy~~ tllcsc CIUmpS  tO probe both tllcir  interiors  as WCII
as the medium ill which they arc immcrs~.  Since the clumps  arc all al the. same dis(ancc,  a sample can
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be COIIStrUCtCd  011 a well-defined size and luminosity SCAIC.
Maps of ‘3CC) WIIh  0.4 km/s velocity scpara(~on,  3x3 arcmin  sampling, and smocrlhcd (o an cffectivc

resolution of 3:4 arcmin were used, Analogous to the proccdurc of Solomon et al. (1987), we define

clumps as lopologically  closed surfaces of constant antenna tcmpcraturc 7R’ in x,y,v space in which T~*
cxcccds a given threshold tcmpcra[ur-c.  This dciinition  a Ilows more than onc emission maximum within
a clump boundaly. A threshold tctnpcrature of ~~”= 1.6 K has been adopted because this temperature yields
lhc highcs( number of individual clumps. Higher threshold temperatures ignore a significant fraction of
the weaker clumps, whereas lower temperatures cause a strongcl  blending between the features. A
tcmpcratur’c  of 1.6 K corrcsponcts  [o about 4 times the r.m.s. noise pcl pixel in the velocity maps. A fcw
clouds, notably (1IC filamcn[s  in L] 69 show blending just above the threshold lCVC1.  Since separa(e  clumps
could clearly bc distinguished within these clouds, wc have spli(  (}IC features along the borders of
minimum emission. Thc majority of [hc clumps have sharp edges ir] 13C0.  This is confirmed by the
average 2R* of a clump which gcncral]y  cxcecds 2.0 K, well above the thrcsho]d (cmpcraturc.

Wc dc[crmincd  (hc area S of a clump by projecting it onto the x,y-plane. Thc equivalent radius Rq is

derived from [hc
the area S(v) in a

Av

where nlax(~l(v))

usual expression S = n.l.!,~z.  IAN w(v) = ~TR*(v)d.! bc the “CO emission integrated over
particular velocity in[crval.  The velocity width AV is dctcrmincd  from

= 0.94 X. H’(v)/ max(w(~’)) lml/s, (9)

is the peak integrated cmissio]k  the fac[or 0.94 makes AV equivalent to the FWHM of
a gaussian profile. By adop(ing  Ibis method we only consider ihc velocity contribution of the material
associa[cd  with 7R* > 1.6 K to dc[crminc AV. “I”hc vcl~ity of a clump is calculated from the intensity
wcigh[cd mean

v = z, 1’ w(v) / x. w(v) km/s, (lo)

The position of a clump has been dctcrmincd  from the c.mission  Ccntroid  in the channc]  centered on V.
TIc CO and 13C0 tcmpcraturcs of a clump have been estimated from the temperature averaged over the
area in the same velocity channel.

Assuming optically thick CO lines wc derive the mcarr kinclic  temperature, TK, of a clump by
measuring the average CO tcmpcraturc in the area at peak velocity. This parameter is then used to

compute the thermal velocity dispersion for the mean particle, c~~, which is higher than the dispersion
of the relatively rnassivc trace molwulc  (c.g. Myers 1983):

c r2

gas C= kTK(l/rnga$ -1/n? 13) (km/s)2, (11)

where k is Bolz.r~~arm’s  constant, m13 and m~,, arc the n~asscs  of a “CO molecule (29 a.m.u.) and the
average mass of a gas parliclc (7/3 a.m. u.), respectively.

The mass of a clump can bc derived by considering a lil]car  regr’cssion bctwccn AB and W13  as
observed in 1,134, 1.169, and 1.183. Assuming {hat equation (1) applies to the clumps, then the mass of
a clLInlp  is proportional to L(13CO):

M,, = (9.7 f”o.3) fJ(’3co) M ,“” 1 (12)
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WIICIC  1.(13(X))  is cx}wcssed in units of Kkm/s pcz.
Wc have dclcnnincd a tolal of 18 clumps, the measured quanli[ics  and the derived parameters arc

prcscnlcd  in Tables 5a and 5t3, rcspcc[ive.ly.  Il]c siz,c-CO-lun~inosi[y  relationship as well as the sizc-
]incwid(h  relationship for I1lC 1.1 S4 complex of clouds arc displaycd  il) Figs. 21a and b. We observe clear
correlations in bolt] rcla(ionships.  Leas( squate.s  fits ill log-log space with Rw (in units of pc) as the
indepcndcn(  x-variable yield the following regressions:

and

I.(’’co) = ( 1 2*2)* /{ (~.58w.w, K knl/s  pc2,=i (14)
o r

Al, ~ = ( 1 .2*0.2) lt)~ * [{eq@.58’o.wl M,”rl, (15)

wilh correlation cocfficicr](s  IRl of ().89 and ().99, rcspcc[ivcly.  l~xlua[ions  (12) and (14) have been
combined [o ob(ain  cqua[ion  (1 5), the six-mass relationship. The. total mass containc.d  in (11c ‘3C0 clumps
is 80 M,um wi(h 40% of (he nlass in [he two clumps associated  with I}IC ammonia cores.

5. Interpretation

5.1. CO column dcnsit>~
The comparison bclwccn ‘3C0 column dcnsi(y and exlirlction (SCCI.  4.2) yields an average ratio

(N,JAV) = (2.4 M).3) 10” cm-zmag-’, (16)

which is in agrccmcn(  with previous dctcnninations  of this ratio (Ilachiller and Cernicharo, 1986).
Dickman  & Hcrbst  (1 990) found a similar result for the p-Oph region, (fV1~Av)=(2.2*0 .1)10’5 cm-bag-l,
using a similar CC) analysis bul cxtinc~ion  data obtained from photographic plalcs taken in the N band
(A=8000  ~). In view of Ihc unccr(ain[ics  in the convcrsio]l  from s(arcounts  to extinction and subsequently
10 Av, which  arc difficul[  to quantify, the two results arc in good agrccmcn(.  Since Dickman & Hcrbst
measured the relationship in very obscured regions up IO A~15 mag, whereas our result strictly derives
from relatively low extinction regions (1 .Sd&S mag) wc infer that  [hc ratio applies (o a large range of

column  dcnsi(ics.  As X1O(CXI in section 3.1, the p-Oph comp]cx  is associated with (I)c L134 complex of
clouds suggesting IIlat  the CO isotopic composition in both complcxcs  is similar.

“1’lIc value for (hc Ihresho]d cx{inc[ion  (AFO.3+0. 1 mag) dctcnninc{i from the correlation bctwccn  AB
and WIJ is lower than Ihc threshold found by Jlickman & J+crbsl  fronl  the regression in A v versus N,3
(Av=l .42+0 .40 mag). The drop in N13/W,J  with dccrcasin2  AB (sect. 4.2) could raise the threshold but not
enough to explain [hc diffcrc.ncc.  J( is rnorc Iikcly  that t}l( discrepancy is due to the fact  that wc did not
include the low density material in which fl]c CIOUCIS 1.134, 1,169, and L] 83 arc embedded (sect. 3.1). ‘Ilc
star cou]]is do not IIacc large scale offsc[s  a( low lCVC1, bccausc tllc lifoite.d  size of the photographic plate
forced lhc refcrcncc field (whicl]  defines the ~.ero Icvcl) to lic inside t}le  ex[cndcd structure. The
pl~oton~ctric  mcasurcmcnts by Franco (1 989) SUggCS[ F;(&y)=().2,  for (11c halo, which corresponds to
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AV=:(J.8  mag adopting the ccmve.r’sion  given by (lawfor(  & Mandwcwala (1 976), E(b–y)=O.74E(fl–V)  for
1{=3.1. Thus [he ‘3C0 regions in the dcnsesl  clouds are only de.tcctablc  above a threshold cx(inc(ion of

about Av=l.1 mag, in accordance wilh I>ickmall  & I-Icrl,st.
The in[cgra[cd  ]inc intensity is proportional to the total nurnbcr  of emitting molecules along the line

of sight if the lillc is not sa(uratcd  and l’;, is cons(an(.  3’JIc correlations bc[wccn WIJ and extinction (Fig
12) arc best fit[cd  by ,straigh[  lines suggesting that (}IC  ‘3C’0 lines arc indeed optically thin, particularly in

the low cxtinctiol] regions. At the highest opacity ends ill L134 and 1,183 (AB>6 rnag), a fla((ening in the
relationship occurs. As discussed in (1IC following scc(icms,  the. high opacity regions reside in the WV
shielded parts of tllc clouds. ‘1’hc ftaltening  therefore is likely duc to a combination of a lower excitation
Icmpera(urc  and saturation of I}lc 13C0 Iincs in [hc high opacity cloud ccntcrs.

At the IOW extinction end, the analysis of Nl@ll (SCCI.  4.’2) implies subtle differences bciwecn

correlation diaglams of W13 versus AB and N13 versus AF,.  Bccausc‘3C0 is likely to bc optically thin for
AB<2 rnag, (}]c diagralns  in l~ig. 13 indica(c  that AI’ ,3 is systcrna(ically  undcrcstirnated  by at mos( 20% at
Ihc low extinction edges of dense clouds.

‘I%c underestimation might be duc to a low CO opacity so that the. CO brightness temperature does
not rcflcc( [hc excitation temperature. However, the CO optical depths obtained by multiplying the ‘3C0
optical depths by ttlc abundance ratio [C]/[’3C] (i.e. z(CO)= -4 Sln[l –TR*(’~CO)/TR*(  CO)]) indicate optically
thick CO cmissioll  for any sightlinc  where 13C0 has been dclcctcd.  An alkwna(ivc  explanation for the
undcrcstirnation  would bc the presence of unresolved structures with a low beam filling factor in addition
10 a resolved diffuse cloud component. The observed CO tcmpcralurcs will bc lower bu( opaci[y estimates
are Icss affcc[ed  as [hcsc are derived from temperature ratios.

llc average CO tempcra[urcs  for AB>2 mag (Table 3) for L1 34,1.183, and 1,169 arc nearly equal. The
infcrmd  excitation tcmpcrat ures are about 15 K. The coil stancy  of the c’xcitat ion Iempcrat  ure for AB>  2
mag indicates (hat the CO lines arc op(ically  thick and lhermali?ed.

L1 780 exhibits different properties. In Table 3 Ihc val~lc for 7,, in L1 780 is lower but the temperature
variation along the slice in Fig. 19d indicates that CO has not reached saturation in this cloud. Thus the

derived 7’CX is undcrcstimatcd from the brightness temperature. The ratio WIJAB  (Table 2) shows that the
‘3C0 content in 1...1780 is low (cf Figs. 12 and 13). Ibis is suppor[ed  by All~AB  which is comparable to
the ratio in the other clouds, whereas A/1#13 is almost  a fac(or 4 larger. IJsing the values of Table 3 wc
derive an average value of

N,JAV = (o.5fo.2)  10’5 AL, <3.3 mag, (17)

which is about a factor 4 lower than (5.1.1). The lower 13C0 contcn(  of 1.1780 is likely associated with
the rclalivcly  low opacity of LI 780. The UV radiation field can penetrate into a large volume fraction of
the cloud thereby plloto-dissociatir]g  a fraction of the ‘3C{ j in the very cloud center.

I:rom the obscr-va(ions wc conclude that 13C0 is a good estimator of column density, and that
(N,~N(}12)) settles to a ul)ique  value in regions (lu+t are col,lplctcly  cq)aquc  to UV radiation such as L134,
1.183, 1.169 and the dense Ophiuclws clouds studic.d  by Dickman  & l~erbst.  The value for (N,~N(Hz))  is

substantially lowel in low opacity clouds not embcdde.d  in an ex(cndcd  sh uc(ure, as is the case for 1.1780.

.5.2. 13(:~,~18~

Comparison of lhc observed ratio W1~V,8  for 1.183 and 1.134 (lZig.  1$) wit]) theoretical predictions such
as those published by van Dishocck & Black (1988) levefils several noliccab]c  aspects:
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1. According 10 l~ig. 18 lhc observed peak in A’~ is at A~=4 mag (AV::3.0  mag).  l’his translates to a total
visual cx(inc(ion of AV=3.()+0.8=.3.8  mag, if we il~clude (Iw ex(inctiort  contribution of the filament in which

lhc clouds arc embedded. The model calculations predict the peak ill A!~ to occur at Av<l mag in the case
of a plane parallel cloud and a norms] lSRI;. The ac[ual gcomc.try  of the cloud could incrcasc  the
cxtinc(ion  value at peak W}@V1~ (Glassgold,  Iluggins & 1,anger 1985), but considering the observed global

dcnsi(y disiribu[ions  (r-’2) found in section 4.4., we cxped  at most a factor 2 and not a factor 4
discrepancy.
2. The maximum value of RN is abou(  4.2. Assuming a carbon dcplcIion factor of 0.4 (i.e. LI(Mo of the

cosmic carbon abundance in the gas phase), Van Dishoeck & Black predict peak values of R~=l O and 20
for 7~=50 and 15 K, respectively. Ilowcvcr,  our observations (Table. 3) rule out kinetic tcmpcraturcs  thal

arc much Iligllcl-  than 15 K, suggesting that the prcdictcd  peak in RN is too high by a factor 5 or more.

3. If the peak in RN is caused by fractionation. the observed low ra(ios  over the whole range of AB
suggest [hat frac[iona(ion  is much less pronounced on (hc shadow side of (he clouds. Ilis cffecl  is also
demonstrated in Fig. 19}1. A lower kinetic temperature on the shadow side. of the clouds would in (heory
incrcasc  RN since fractionation of ‘~CO causes (he peak to rise when (11c kinetic temperature is lowered.
Wc conclude that [hc low ratio must be duc 10 a conlbination of the lower UV field, a high carbon
depletion, and a sleep dcllsity gladicnt which makes a j)ossible fractionation peak unresolvable.

Van Dishocck  & Black pointed out that an incre.asc in the strellglll  of the UV field lowers the peak
RN and shif(s  it towards higher opacities. Although the radiation field in the complex is higher than
average (Sect. 4. 1.), this mechanism can only partly explain the observations as the peak is not prcdictcd
to dccrcasc 10 a value as low as observed. Allemativcly,  a higher carbon depiction lowers the peak
proportional to [hc depletion, and shifts the peak (owards higher opacities duc to the reduced UV shielding
by molcculcs.  A quantitative comparison with the models shows that a carbon depletion factor of about
0.1 (as opposed to a standard value of 0.4) is ncccssary to match lllc models with the observations. A

similar value of the carbon depletion factor is il~ferrcd  by van Dishocck & Black from 13C0 observations
near p-Oph.

A carbon depletion factor of 0.1 as an interpretation for the general shape of Fig. 18, is consistent with
(he derived value for N,~iV(IJ2)  in equation (3). ?’aking  [C’]/[13C]=~45,  a carbon abundance of [C]=4.68  10+,
and assuming [ha( all mo]ccular carbon originates from gas phase cal bon atoms, we derive a gas phase
carbon abnndancc of 0.1. Onc should keep in ]nind that the consis[cncy  might bc fortuitous: firstly, the
assumed value of [C]/[13C]  is subject to debate and collld be twice as much (Crane, Hegyi & Lambcrt
1991 ), and, secondly, (1)c ratio N1~N(H2) is likely to bc non-uniforln  along the line of sight.

l’hc diagram of W1fiV18  versus AB (Iiig. 18) is similal  to the onc prescntcct  by Langer C( al. (1989) who

plotted  RN as a function of N1~ in (he analysis of dark cloud B5, g%c large varia(ion  of RN in their diagram
also sugges(s that  (1IC  radia[ion  field in 115 is far from isotropic although the irregular geometry of B5
might  contribute to an cnhanccd scatter.

]n conclusion, Ihc relationship between W,JW18  and AR in both 1,134 and L183 is consistent with a
carbon dcplc(ion  of 0.1. possibly combined with an cnhanccd radiatiotl  field. 2’lIc anisotropy of the
radiation field incrcascs  the scatter in WIJW,  ~ at a givcli  A},.

.5.3. I)list 7’cHlpcl”oll(l”cs
Any rcalis[ic dust model ~mdicts dust equilibrium tcmpcraturcs 7; of lCSS than 18 K for the large grains
exposed to (hc general lSRF (SCC e.g. I>rainc 1990). This means thal  the corresponding ratio l~llm must
bc lCSS ltlall  abou(  0.06. As I#f ,W is about 0.2 o] larger fc)r the diffuse ill(crstcllar  medium, a large fraction
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of [I)c 60 pm cmissicm  must bc duc 10 a diffcren[  dus[ component. Thus At,w as defined in equation (4)
corresponds (o [he regions where the crnission from dUSI other (ban ttic large grains is abscn[.

I’hc pixel (o pixel corrcla(io[ls  between Al IN, and A,: (not showI~) exhibit no slrong deviations from
linearity. ‘1’hc  correlation cocfficicn[s  for (Al,#AB)  do not differ greatly  from those of (/lJAB) (Table 2).
The values of (zU,#AB)  obtained from regression analysis arc similar for all clouds in this study, including
1.1780. Since AB is proportional 10 column density,  this  result suggests tha~ Aflm is a good column density

[racer  for AB< 6 msg. Since the infrared emission depends not only on the total  column density but also
on the tcmpcraturc of the grains, the constancy c)f the mean ratio (All#An)  amongst clouds implies that

the dust temperature giving rise to AI,m has the same value from cloud to cloud.
l“hc ra(io AllJAB shows a gradual increase [owards (he shadow sides of L] 34 and 1.1780 (sect 4.6).

l’his means Ihal either the emissivi(y  of the Al ,[0 regions is higher al 100 pm or that the amount of very

cold dust with respect to I1)C warmer dust associated wi(ll  Ica along tlm line of sight increases towards [hc
shadow side of the cloud. The first intcrprctatio!l  would imply that the dust is warmer on the shadow side
of the cloud, contradicting the other observations. l’hc second explanation is more likely and implies lhat

(i.) the more diffuse and warmer dusl  is much more cxtcndcd a( the LJV side of the cloud, and (ii.) the
swaighl  ralio  zU,#AB  (i.e. not (1]c average ratio obtained from rcglession analysis) is a poor tracer of
(empcra(urc  variations but a good tracer of column dcnsi(y  in rcgiolls associa[cd  with Aflw.

Ile absence of 60 pm emission in the Al ,m regions yields an upper limit of T~ < 15 K (assuming a
~-‘ cmissivity;  s[ccpcr  emissivi(ics  yield lower T,) for the dust associated wi(h Al,w (Laurcijs  et al. 1991 ).
An allcrnalivc lcmpcraturc constrain(  for [he rcgibns  sarnplcd  by Allw is pIovidcd  by the gas kinetic tcn~-
pcraturc Y;. At sufficicn[ly  high dcnsilies,  Co Will bc thci realized and 7:X bccomcs identical to Tk. Model
calculations by Falgaronc & Puget (1985) who irl{’lude.d  ill their calculations a dcnsi(y distribution and the
cooling by dust, predict that T~<7: in regions wi[h densities of order 103-104 cnl-3. In those regions the
UV field is sufficiently diminished making it unable to neat the gas cfticicntty through photoionization
whereas the dcnsiiics  arc s[ill  100 IOW for effective l~catirlg  by the dust. Thus the gas kinetic temperature

should SCrVC as a lower limit for the dust temperature. }~xcluding 1,1780, we find T~=14-17  K for the
densest clouds (Table 3). From the 13C0 clumps wc cstinlate a typical density of 103 cm-3 (Table 5b) for
[he regions rclalcd 10 Allm. The observed Tk and the upper limit T~<l  5 K suggests that the physical dust
[empcrature must  be close to 15 K in regions of Allm. I“his conchrsioll  was also reached by Laureijs c{
al. (1991 ) based upon other reasons.

The absence of strong 100 pm emission asswiated  with the ammonia core in L134 (Fig. 19b) suggests

a dust temperature lower than the T~ in regions of Allm. As indicated by the CO [cmpcraturcs in Fig. 19,
Tk drops accordingly.

5.4. injured  colors and the radiation field
The ratio IJllm in 1.1780 is higher than in the ottler clouds (0.27 as opposed to 0.22). According to model
calculations by Ddscrt  et al. (1 990) this ratio can be realized by scaling the UV part of the radiation field
(0.09 12< ~ <0.30 pm) 104 times the Mathis  e( al. (1 983) ISRF. Ilis result agrees with the predicted
streng{h  of the radia(ion  field derived from the tJV sources ncal the 1,134 complex (sWt. 4.1). The UV
enhancement would also affect the 100 pm emission. The corrcsporldillg  prcdictcd  value of l,#AB is @
MJy/sl/nlag. l’he,  observed valllc  of (fl#AIJ)  ill 1,1780 is an ord~l of  magnitude lower (5.9A().5
MJy/sr/n~ag), but (11c f ,W vs AB correlation diaglam dots not rule OUI an initial slopc of 60 MJy/sr/mag
for A,,<  1 mag where all (JV absorp(iorl should [akc place (Fig. 14). ‘]IILIs as indicated by the infrared
maps and confirmed by l(~flw, tllerc is little o] no ~ust bctwccn the heating sources and L] 780. The
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dillusc cx[cndd  region surrounding the other clouds is sufficien[  to dc.crcasc the strength of the UV
compmlenl  wi(h afaclor4  ormorcsinccl~i ,W in the olllcr clouds  is normal. ‘Il~is decrease is consistent
wi(h [he total  extinction  of [hcextcnded  region (A~,=O.8  mag, sect. 5.1)

The 25 pm emission in L1780 along the slice displayed in Fig. 20aindicatcs  adistribution  different
fromI1z  and mol-erclatcd to} ~ Support  for ~}Iis observation is Provided t)y l#M (Fig. 200  which is on
average lower [ban in 1.134 and shows a significant decrctise from ().8 to 0.4 on the shadow side of L1780.
‘llus  lZ, in 1,1780 has a mixed character: it disp~ys  prolwties  seen in bot}l the 12 and the 60 pm IRAS
bands. The mixed character is qualitatively consistent with (he lhrcc component grain model of D6scrt et
al. (1990) where an attenuation of the ISRF through a slab of Av=l mag causes a drop from 0.83 to 0.62
in f,~/2$. This is duc to a rcla(ively  stronger cmissivily  of the very small grain component which is
predominant in the 60 pm band.

.5..5. Ciut~lj~.r  and S(abi[ity
IIoth  the cxponcn[  as well as the scaling conslant  in the observed six,c-linewidth  relationship arc in
agreement with previous studies of dark clouds (I Xung et al. 1982; Myers 1983) and gian(  molecular
clouds (Solomon et al. 198’7; Scovillc  and Good 1989), despite the fact that  these studies involve different
trace molecules and different clump definitions. All Ihesc studies  have in common that they impose a fixed
brightness to define the boundaries of the clumps. Tltc agrccmmlt  suggests that the sizfi-linewidth
relationship is scale free, i.e. there is no unique boundary in [he cloud for which the relationship holds.

observations of ‘3C0 clumps in a quiescent region ill the Cep 0133 molecular cloud by Carr (1987)
have indica(cd a size tinewidth  relationship with an exponent of 0.24, but the correlation coefficient (0.58)
found by Carr is lower that ours. Combination with OU1 data shows [hat the smaller clumps in Carr’s
sample have systematically higher values for AV. I%is may bc attributed to the coarser veloeity resolution
(A\~O.8 km/s) used by Carr. We therefore believe that ttle size-linmvidth  relationships in the two ‘3C0

datascts arc not different. ,.
‘1’hc  exponent in the size-lurninosity relationsliip  (cq. [1 4]) is in cxcellcnt  agrcmment with the exponent

in the sii’.c-mass  relationship obtained by Carr (1987; exponent= 2.51d 0.06) in Cep 0B3 and Casoli et al.
(1984) in Orion and Perseus. Malony  (1989) pointed out that such a power law could easily be explained
if one considers the empirical size-linewidth  law and the ffict that the temperature of the CO line is nearly
constant. Assuming 1.(]3CO)=RC~2<7’~>AV  and substitutin~”  AV = R%0”5,  wc obtain L.(13CO) = Rq25<T~>
which is in accordance with the observations.

As a consequence, studies that find a significantly different exponent in the size-linewidth relationship,

will obtain a diffcrcn(  siz~-luminosity  (or siz,e-density) relationship. 711c observations of the ophiuchus
dal-k  cloud complex by Lore,n (1989a, b) show evidence that the sizes of the clumps are poorly corrcla(cd
wilh lincwidth.  Moreover, I.,oren finds masses that arc pro]) ortional  to RCq3, which implies that the density
in the ‘3C0 clumps is constant. ll]e fundamental difference bctwccn our measurements and those of Lorcn
is that I,orcn did not permit more than two emission peaks in one clump except in regions where the ‘3C0
lines S11OW high optical depths. This rcquircmcnt relaxes (I1c constraint of a fixed boundary level  as the
boundaries were defined by following the minimal temperature contour. His method tends to minimize
the vctocity  width of the most massive clumps  (according to our dcfiniti(m)  by splitting these into smaller
clttities.

‘Ilc stability of the CIUmpS  can bc analyzed by evaluating the terms  tl)at  enter into the virial equation
for clouds (Kcto & Myers, 1987).  ‘IIIc gravitational and tl~rbulcnt  energy of a clump and ti~c surface and
magnetic pressure acting upon a c]uIIIJ)  arc related via
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IEF,*,I  – E,”,,, = Epm, + E,,g ,

from which follows:

GM1fR - MCJ,0:Wh12  == I>JR3 erg, (18)

where O,m*= oga,*+quh*. 1[ is assumed that the clumps have an internal dcnsi{y distribution proportional
10 ?-2. In the second equality wc have Iumpcd (oge[hcr (he contributions of the boundary and magnetic
field pressure into a single paralnctcr, pO, thc total pressure. This quantity dcscribcs  the forces that  are
ncccssary to prevcn( the clump from expanding.

lle values for E ,urb and EgraV in Table 5b show thal the turbulent energy is always larger than the
gravitational energy, and that E!.,b is at least a factor 8 larger for all but the three most massive clouds.
I’hc empirical relationships given in Section 4.7. yield E~~V/E,ufi=0.5R(’ ‘c, where R is in pc. According to

this expression - when ignoring the pressure term - the ‘3C0 clouds are in virial equilibrium if their radii
aI”c

arc

the

6.

6.1.

of order 1 pc or larger.

The observed lincwidths arc predominantly duc to line broadening by turbulence. The values for pO
in (hc range 1.1@ - 7.104 CnI-3K with a median value of 2.104 cm-3K. ‘llc smaller clumps, where
Eg,av is small compared to E,Ur~, have rnorc similar p] cssures.

I)iscussion

Physical conditions inside moderate density regions
The images of Allm offer the possibility to “clean” the 100 pm images of the foreground and background
emission regions where the UV field is still present. This hypothesis is supported by the clear correlations
bctwccn Allw and W13  and our analysis in sect. 5.1 which shows that 13C0 bccomcs widespread in clouds
only after Av cxcccds 1.2 msg. Consequently, the 60 pm emission must bc anti-correlated with 13C0,  and

the images of fw must trace the diffuse UV component which photodissociates 13C0. The constancy of

both (Afl#AJ  and (WIJAB)  indicates that the dust tcmpel ature in the regions of Allw must bc reasonably
uniform cxccpt in (11c high opacity regions where AB>  6 msg.

The constancy of (N1#13) for all clouds except L1 “/80 makes plausible that the physical conditions

arc similar in the regions where A.llm is significant. These regions are protected from the UV field that
dctcrmincs the outer cloud conditions which could vary from cloud to cloud duc to local shadowing of

the ISRF. Once inside, the environments in tllc dense clouds become more similar in temperature,
densities, and ‘3C0 abundances. 1..1780 is an intermediate case: according to photometric measurements
the cloud lacks a diffuse halo and the total opacity of tllc cloud is such that the radiation field is still
affecting (1IC  molecular colttcnt.

The uniformity of Af ,m implies that (emperaturc va] iations dclinea(cd  by changes in (l,JAJ  must
occur in the outer cloud regions where 1~ and therefore the UV field is still  present. The tight linear
relationships both for 1 ,W versus AB and as WCII as for Al ,W versus A}} can be explained by assuming that
lhc 60 pm dcficicnt regions arc WCI1 mixed and lcla(ivcly small compared to (hc regions associated with
/,m. ‘l”hc r-’-l”-”s”s dcnsi[y  distributions (section 4.4) and the amount of ‘3CO clumps arc indicative for a
clumpy cloud structure. Exceptiorls  arc the nor(hern  tip Of L] 83 WhCIC the Gt) pm dcficicn(  region is large
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and 1.1780 wbcrc we dclcc[cd only one ‘3C0 c-lump. III these regions wc observe a significant flatkming
in flw VCISUS AB (l~ig.  14).

In section S.3. wc argue [hat (he tcmpcraturc of tk dust must be close to that of the gas in the 60 pm

deficient regions (or ‘3C0 clouds). The inferred dust knl~perature  is higher than cxpcctcd  from cosmic ray
heating alone, which suggcs(s  (tiat dust associated with 13C0 regions is predominantly heated by (he
cx(crnal  radiation field. The clump analysis (section 4.7 and 5.5) has shown that these regions can be
chal-aclcrized by densities n(~12) of order a fcw times 10’ cm-3 and boundary pressures of order pJk==  104

Kcml-3.

6.2. Tllc attiso[ropic  UV field: shielding of t~e dense corm
The nlohmdar,  infrared, and the extinction data clearly exhibit a regular pattern in the main clouds L] 83,
1.134, L] 69, and L] 780. ‘Me diffuse material is found to bc widespread on (hc eastern and southcm sides
of [he clouds, whereas the dense cores are found On the t)ppositc side, due north-cast. The gas temperature
derived from the CO lines shows a gradien[  along the same direction. The variation of the ratio W,JW,g
is indicative of a highly anisotropic UV radiation field. These measurements are consistent with the
position of (hc main UV sources (SCO-0132 ~ld ~ oph) with rcsp~t  to t}lc I.134 cornplcx (sect. 4.1). Thc
alignment along I}]c direction of lhc UV field of the density gradient arid t}le major  symmetry axes of the
Clongatcd  clouds readily suggcs{ a physical connection. In the following wc argue that the position of the
dc.nscs(  regions in L] 34 and L] 83 as well as tl~c morj)hology  of the complex can be explained by the
strength and the direclion  of the UV flcld.

A full treatment of [hc hydrostatic cqua(ion  of state of a molecular cloud excluding magnetic fields
has been cal’ricd  out by Falgarone & Puget  (1985). In this model, the s{ruc[urc of a cloud can be separated
into three regions: 1. an isothermal core, 2. an intermediate layer in which the density is lower and the

UV shielding is reasonable, and 3. a halo where the gas is heated indirectly by the UV field. The structure
of a condensation depends only on two physical parameters: the central density of the core and the
external  UV radiation field. IIIc. temperature of the dcr}se core is determined by the temperature of the
dust.

A consequence of the halo is that it acts as in absolbing  layer protecting the core from the external
radialion  field. Thc gas (cnl~rature  of the core depends on the dust temperature, and is weakly sensitive
to the slrcngth  of the UV field. We have seen in the previous smtion that  a similar mechanism governs
(}IC tcmpcraturc of the dust inside clouds. Substantial variations in the U V fieId affect only the outer cloud
regions and the [cmpcraturc of the centrat regions  is nearly constant for a large range of models.

Although the model ~)y Falgarone  & Puge.t assurncs spherical symmetry and a homogeneous UV
radiation field, wc can usc their results to interpret the effects of an a Isotropic radiation ileld. The size
of ihc halo is a sensitive function of the strength of the U V field. The weaker the strength of the UV field,
the smaller the halo becomes (cf Fig. 7 in FP). It is fou]ld that the halo will be almost  absent in case the
UV field is atlcnuatcd  with a factor c-’ with z=3.8, leavii,g the core exposed. In the case of an anisotropic
radia(ion field, wc [hcrcforc would expect  a larger halo in the direc(ion of the UV field. Such a
configuration is typical (O the individual clouds in the L,l 34 complex. The slices displayed in Figs. 19 and
20 clearly show a dccrcasc in density and an incr~se ill vclmity dispersion in the dir~[ion of the UV
field. in L] 34 and 1.1780 the ]owcr density regions are about twice as cxtendti  on the UV side duc (o
the lack of a strong LJV field on tllc shadow sides of the clouds. l’his nl~hanisnl  offers a natural
Explanation for (he location of (hc dense rcgic)lls  in L] 83, 1.134 and 1,1780 in the NW corner of (he
clouds.
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The infrared morphology of the clouds at 60 and 100 pm is such that  they appear elongated in lhc
dircclion  of the radiation field with the dcnses[ regions on the shadow side. The absence of an halo causes
a higlwr dcnsi[y con(ras( on the shadow side. Since the hea(ing sources are situated behind the L] 34
complex (SCC(. 4.1), the shadow side with the ammonia cores are nearest to us, whereas the extended halo
should bc on the far cnd of the complex. Although the morphologic arc I1OI as regularly defined  as in the
case of wind driven clouds, the CO and *3C0 (or 60 and 100 pm) images can be used to determine the
direction of (11c radiation  field acting upon clouds.

9. Conclusions

fly analyr.ing CO, 13C0, C’sO, infrared, and extinction tiata  in a number of dark and translucent clouds
in the 1.134 complex wc have obtained (1)c following results.

1. The nearby Upper Scorpius  OB association and the s(ar ~ OJ)h could enhance the UV radiation field
by a factor 3 as high as 3 al 1000 ~. The position of these sources is such tha[ the. field is illuminating
(he complex from onc side..
2. I;or 1.134, Ll 83, and 1,169 the. correlation between ‘3C0 inlcgrauxl  emission and AB yields a Iincar
relationship. Tl~c ra[ios W,3/AB  are similar and tile avcraf,c  va!uc is llot significantly diffcrcn(  from other

studies.
3. Inc. ‘3C0 emission in the four densest clouds cxhibi~s a good linear correlation with AZlw (defined in

cq. [4]). This rcsul( implies that ZVlm traces the same cloud regions as ‘3C0.  As a consequence, the regions
of slrong 60 jm] emission dclinca(e regions where the UV field is still  present.
4. The density distribution in the four densest clouds as (raced in AB arid /im follow roughly exponential
laws. The value of the exponent lies between 0.9 and 1.9.
5. The complex contains at least 18 ‘3C0 clumps. “J “he clumps obey a size-linewidth relationship
consistent with a powcrlaw with exponent 0.5, TIc size-luminosity relationship follows closely a powcrlaw

13C0 clumps is of order p/k=2xl  @ Kcm-3.wilh exponent 2.5. The ambient pressure acting upon (1}c

6. Slices thro@~ L134 and L1780 clearly show that the molecular and infrared emission are correlated
with (1]c anisotropy of [hc radiation field. The best (racer-s to dctcrm ine t}lc  illuminated and shadow side
of lhc cloud arc W1#V1g and T~(CO):  both drop towards the shadow side.
7. The isotropic UV radiation field affects the density dis(r-ibu[ion in the clouds. The densest regions -
dclincatcd by C’*O and the ammonia cores - are situated on the edges of the shadow sides of the clouds.
The clouds arc defined by the 100 pm, CO, and 13C0 nlorphologics.
8. Wc find a higher density contrast on the shldow  side of the ck)uds which supports the view that
lowering (11c strcnglh of [lLC UV field causes smaller halos around clouds.
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‘l’able 1: Main CloLids amdyz.eci  in this s[udy.

C l o u d

L134

1>169
— . . .-_— . — _________
1/183

--_ . ..__

MBM 39

MBM 38

., —- -.

R.A. (1950) I Dec. (19s0)
--—’”’–-–”--”—i–- ”-—--— —

155100 I - 0 4 3 0 0 0
“—--–-—-t---—--——  ‘ — ”

154830 I --033000
_..._\ _.-—__—

1551 30 I - 0 2 3 0 0 0
‘ -” -” - -’ -- “ - - ” - - - - — - - - t - -  – - - —  —

153700 I --070000
““ - ‘“’—””’--  --—–-–t-- --—--— ——
160300 I +003000

--+-–-_–_
155730 I - 0 1 3 0 0 0

. — l _ _ _  . _ _ – – _  _—

Data used I

4IR, CO, ‘3C0, C’*O A-——. .—.
1}<, CO, ‘3C0, AB I———. 4

]1<, co, ‘3C0, C’*O, AB I—.. —-. ———

IR, C(), ‘3C0, A~

11<, co, ‘3C0
— . .. —.— ——--i

11<, co, ‘3C0
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Table 2. Regression parameters for the 4 main clouds

R : Correlation coefficient, ~ : Number of pixels/spectra involved

1,

~~ Correlation between W,~ and AB Correlation between Ilw and AB
~
i!

I 1 1 1
! CIoud i W! JAB ~ Constant I R N I,JAB ~ cons~~t

I ~~
R ;N Ii

K kmJs/m I mag MJy/sr/mag
1,

~ mag
I

I
L183 i 1.3*0.3 \ 0.4+0.2 ~ 0.82 I 293 2.1+0.6 ~ -0.3+0.7 ; 0.75 ~ 302 ~

1

, L134 ~ 1.4+0.2
:;

; 0.4*0.3 ‘ 0.87 ~ 143 2.9+0.3 -o.2fo.2 ~ 0.91 ~ 178 i],, II
i L169 ! 0.6+0.6 ~ 0.67 I 198 3.7f0.7  I +0.3A0.3 ~ 0.93 ~ 259 ~~1 1  . 3 * 0 . 5

1

!; L1780
I
; 0.41+0.2 ; 0.2+0.5 ~ 0.65 ~ 96 5.9*0.5 ~ +0.()*0.~  ~ 092  ~ *~1 ~~

t

I

!! Correlation between Nlw and W,3 ~ Correlation between A.f)m and AB
IIf !

‘, Cloud , AIJW13 ~ constant ~R ~ lV : Ail~AB
I

~ Constant R N ~i
Mlylsrl lKkrn/s  / ~ MJy/sr/mag 1!wag

I I 1 II
I : (Mm/s:)  :

::
,

i L183 ; 1.3+0.2 i 0.6+0.4 i 0.88 306 1.6*0.3 0.1 +0.4 I 0.82 ~ 316 “
I

i: L134 ~ 1 .5*0. I 0.3*0.3 0.93 159 2.lfO.3 0.3+0.2 i 0.86 i 178 ),

,1 L169 1.5*0.3 0. IMI.5 ‘ 0.82 197 1 .7+0.4 ~ 0.610.4 ~ 0.77 I 259

~] \
~~ L1780 I 5.3*0.4 -0.1*0.2 0.92 96 2.OfO.7 ‘ 0.3*0.3 ~ 0.89 ~ 151

1

.“
I
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Table 3. Average Parameters for A3 >2 mag

I
I L1780 10*1

I
922 I

Table 4. Derived PowerJaw Density Distributions

i L134 ‘ 1.9k0.2 i 1.4f0.2 1~
I

ii L169 0.9f0.2 I .2m.2
1

,II ‘1 7 8 0 i 1.6+0.2 1.1*0.2



Table 52. Measured Properties of Clumps

f I

I Ident. ~ R.A. ~ Dec.

II ~ (1950)
Ii ~ (1950)

~1 lMBM39a

~~ .MBM39b

“ MBN138a

i  MBM38b

I  J413Nf38c
!

; 1 5 3 6 5 6  ~ - 0 7 0 2

~ 1551  42 –03 14

; 1 5 5 1 2 6 ~ - 0 2 5 0

I ]~ 4957 i  -0337

I 1 5 4 9 2 1 - 0 3 2 9

I 1 5 4 8 0 4 ~ -03 ~~
f
! 155136 I -0434

15 5024

160259

160329

155747

155718

155635

_05 O()

+00 33
+00 27

-01 19

- 0 1 3 2

- 0 1 3 7

0.16 i 11.2

0.32

0.50

0.16

0.12

0.29

0.27

0.1.7

15.4

13.4

10.8

12.6

15.4
~3.6

1.2.9
I

0.35 13.7

0.09 ,  11.7

0.12 ~ 18.0

0.48 ; 14.5

0.05

0.10

0.08

0.09

0.19

0.08

11.1

11.7

10.4

9.7

12.8

10.2

AV : v,,

lcrnh j km/s

0.55 ! 3.80
,., .’- --

U.Y”I

1.23

0.73

0.49

1.14

~oz~

fj.~~
I

2.0%

2.74

2.99

2.51

2.25

3.65
1, .9A

0.81 2.60
0.48 / 2.52

0.56 ~ 1.13
1.04 ;, 2.49

0.38

0.58

0.57

0.58

0.54

0.38

2.60

2.34

2.86

0.86

1.12

1.80

0.10

0.65

2.45
().13

0.06
0.4’7

0.50
p.1~

0.69
n n?“.wti

0.04

2.26

0.01

0.04

0.02

0.02

0.11

0.02

-. ‘

‘ .
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Table 5b. Derived Parameters of Clumps

km/s ~ km/s ,

0.06 i 0.24

0.07 I 0.43

0.06 ~ 0.55

0.06 ~ 0.32

0.06 ~ 0.21

0.07 ~ 0.51

0.06 ~ 0.54

0.06 ~ 0.25

0.06

0.06

0.07

0.06

0.06

0.06

0.05

0.05

0.06

0.05

0.36

0.21

0.24

0.47

0.16

0.26

0.25

0.25

0.23

0.16

(Jgas

knm

0.74

1.16

1.40

0.89

0.70

1.32

1.37

0.78

0.99

0.68

0.83

1.22

0.60

0.77

0.75

0.74

0.75

0.59

1WW,3)

m

-0.01

0.80

1.37

0.08

-0 .21

0.66

0.68

0.10

0.82

-0 .53
-0.37

J..34

-1 .19

-0 .45

-0 .74

- 0 . 6 8

0.02

-0 .77

log(n) I @@gr)
103 ~m-3 ~ 10’3 erg

–0.01

–o. 10

–o. 13

0.07

0.16

-0 .12

0.00

0.01

-0 .18

0.17

0.00
–o.~~

().23

0.20

0.22

0.02

-0 .18

0.19

–1.3

0.0

1.0

-1 .1

- 1 . 6
_~.2

-0 .1

–1.1

0.0

-2 .1

–1.9
Q.9

–3.2

- 2 . 0
–2.4

- 2 . 4

–1.3

- 2 . 5

W%,)
1 043 erg

-0.5

0.8

1.6

-0.2

-0.8

0.8

0.9

-0.4

0.7

–1.1

-0.8
j, .4

-2.0

-0.9

–1.2

–1.1

-0.5

–1.6

II

pJk II

1 04 Kcm-3
Ii

~,]
1.3

3.2

4.4

2.8

1.5

4.6

6.7

1.4

1.7

1.5

1.5
~J

1.2

2.5

2.6

1.7

0.8

1.0
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Figure 1
The infrared sky around the 1.134 complcx  of clouds::
a. Large scale map of IIlc 100 pm infrared sky in ga]ac[ic  coordinates. A cylindrical projection has

been used wilh projection center on /=0°, /)==OO.  The effective resolution is 0~5. The dark clouds
L134 and L] 83 are silualed  around (l, b)=.(2°,340).  Illc bright region at /=350°, b=15° is the
Ophiuchus region. Contours at IO, 15, 20, 40, and 100, 200, . . . . 6400 MJy/sr.  The white box
marks approximately the region covered by Fig. 2b.

b. The vicini(y of the L] 34 complex al 100 pm in galactic coordinates. Contours at 3.5, 7, . . . . 35
MJy/sr.  From Table 1, Ihc clouds MBM38, MBM39, L.1 780, and L134 are indicated, the remaining
clouds Iistcd  in Table 1 arc Iabclcd in Fig. ‘2.

Figure 2
Images in the IRAS wavclcng(h  bands of the main complex containing the dark clouds 1.183, L169,
aIld 1.134. The 12, 25, 60, and 100 pm images are displayed in the upper left, upper right, lower left,
and lower right panel, rcspcc[ivcly.  The clouds are labeled in the 100 pm image. The spatial resolution
in Ihc maps is 5’. The following con~ours have been plotted: 12 pm: intervals of 0.1 MJy/sr,  highest
contour at 1.1 MJy/sr;  25 pm intervals of 0.1 MJy/sr,  highest contour at 1.1 MJy/sr;  60 pm: 0.4
MJy/sr,  highest contour at 4.0 MJy/sr;  100 pm: 2 MJy/sr,  highest con[our  at 22 MJy/sr.

Figure 3
Same as Fig. 2. The infrared images of L1 780. Contours: 12 pm: in[crva]s of 0.15 MJy/sr,  highest
contour al 1.5 MJy/sr;  25 pm: intervals of 0.2 MJy/sr,  highest contour at 1.4 MJy/sr;  60 pm: 0.S
MJy/sr, highest contour at 5.0 MJy/sr;  100 pm: contours at 1.0, 2.0, 4.5, 7.0,. ..,22.0 MJy/sr.

Figure  4
Same as Fig. 2. MBM 39 is dctectcd only at 60 and 100 pm, Contours: 60 pm: intervals of 0.3 MJy/sr,
highest contour at 2.1 MJy/sr;  100 pm: 1.5 MJy/sr in(c] vals,  higlmst  contour at 15 MJy/sr.

Figure 5
Same as Fig. 2. The infrared images of MJ3M 38. Contours: 12, pm: intervals of 0.1 MJy/sr, highest
contour: 1,0 MJy/sr;  25 pm: same as at 12 pm; 60 pm: ill(crvals  of 0.3 MJy/sr,  highest contour at 1.8
MJy/sr;  100 pm: 1 MJy/sr, higllcst contour at 10 MJ y/sJ.

Figure 6
The CO(.1= 1 -0) channel maps of T~*Av of the central region in tlm complex. Each map covers a
velocity interval of As = 0.4 km/s. The center vcloeity  ill knl/s is indicated in the upper right corners
of the maps. Each dot marks an observation and the gridspacing  is 3’. The nominal resolution of the
tclcscopc  is 2(6. The maps have been smoothed with a ga ussian of 2(5 I;WJ 1 M. The large crosses mark
the position and velocity of the ammonia cores obtained by Myers & Jlcnson  (1989) for L1 34, and
by Urlgercch(s  ct al. (1 983) for 1.,183. T’hc contours arc ill steps of 1 KlmI/s, the lowest contour is 0.75
Kknl/s.

“ .,

Figure  7
Similar to J:ig. 6 but for- 13CO(./=l  –O). The contours art in steps of 0.3 Kknl/s, lowest contour is at
0.2 Kkm/s.

Figure  8
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“I”llc  vcloci(y inlcgralcd emission in [hc complex for CO and ‘3(N, the inlcgra[ion  interval runs from
O to 5 kn~/s.  Thc maps l)avc  been smoothed 10 an cffcctivc rcsolu[ion of 5’ FWHM. The crosses mark
lhc positiorls  of the ammonia cores. In the CO map (he contours arc in steps of 4 Kkntis, the lowest
contour is aI 3 Kkm/s. In the ‘3C0 map the contours a: c in steps of 0.75 Kkn~/s, the lowest contour
is at 0.5 Kkn~/s.

Figure 9
‘1’hc vclocit  y in[cgratcd maps for L1780, tic integration intervals are 2.3 to 4.7 km/s for CO and 2.9
104.7 Jm~/s for ‘3C0. The maps have been smoothed with a gaussion of 2.5 arcmin FWHM. The CO
contours arc given in s[cps of 1 Kkm/s, the lowest contour is at 1 K “km/s;  13C0 contours are in steps
of 0.3 Kknl/s,  the 10WCSI conlour is at 0.2 Kkn~/s.

Figure 10

Similar as Fig. 9, but for MBM 39. Integration intervals from 1.2 to 3.6 km/s for CO and 1.6 to 3.6
kn~/s  for ‘3C0.  The CO contours arc given in steps of 1 Kkm/s, the lowest contour is at 1.5 Kkm/s;
‘3C0 contours arc in steps of 0.25 Kkm/s, the lc~west c<mtour  is at 0.25 Kkm/s.

Figure  11
Similar as Fig. 9, but for MBM 38. Integration in[cr-vals  from -0.8 to 2..8 kn~/s  for CO and O to 2 km/s
for l~CO. The CO contours are given in steps of 1 KknL/s,  the lowc.st  contour is at 1.5 Kkrn/s;  13C0
conlours  arc in steps of 0.3 Kkm/s, the lowest contour is at 0.35 KkIn/s.

Figure 12 ,:
Ihc pixel-to-pixel correlation diagrams of W,j versus AI, for the four main clouds in the complex. Thc
derived regression paramc(crs are Iistcd  in Table 2.

k’igure 13
The ratio N1f113 as a function of blue extinction. The derived paramc.tcrs  arc listed in Table 2.

Figure  14
‘llc correlation between llm and AB. The derived regression parameters are listed in Table 2.

Figure 15
I’hc maps of Al,W obtained by applying eqn. 4. For all clouds wc have used @=O.21 except for L] 780
where 6=0.27.  a. The main complex, contour inlcrvals  of 1.5 MJ y/sr, highest contour is 1.5 MJy/sr.
b. L1 ‘)80, contour intervals of 1 MJy/sr,  highest contour is 11 MJy/sr.  c. MBM 39, contour intervals
of 0.75 MJy/sr,  highest contour at 4.5 MJy/sr.  d. MBM 38, con[our’  intervals of 0.5 MJy/sr, highest
contou[ at 3.5 MJy/sr.

l~igurc 16
Pixc] to pixel correlation diagrams of Allw and Wls. ‘1’IIc derived regression parameters arc listed in
~’able 2.

Figure 17
IJc(crmination  of the global density distribution in 1.183. Plotted is tllc distribution of the number of
pixels over the surface of the cloud with values lCSS than a givcl] AB, IIm or W,l value. Ttlc
distributions have bum normalized by d~c total amoun(  of pixels (which is equivalent to the total area)
of the clo{ld  and the upper 10 pcrccn(ilc poil~t. ‘1’hc 2 dashed  lines arc the prcdictcd rclationsbips



. .

assuming spl]crical  symmetry and r- 1“1 and r-? power law ctensi[y distribu[im]s.  The paramckrs  for [k
o[hcr clouds arc lis[cd in Table 3.

Figure  18
I%c ratio W1fl~18  as a function of AK as observed L] 83 and L1 34. ‘Ile ordinale.  on the right hand side
denotes [he value for RN, the normaliz~d  abundance ralio as defined in cqn. 7.

Figur? 19
The variation of diffcrcn[  (racers in L134 along a Iinc parallel 10 (he assumed direction of the ambient
UV field. Position O corresponds (o RA 15h51  ‘O(Y, Dcc -4 °30’00” which is close to the position of
the ammonia core in the cloud. The position angle of the slice is 335°.  The tracers are lil and 11~

(panel a), I@ and I,w (panel b), integrated line emission for diffcrcn( CO isotopes (panel c), CO peak
tcmpcraturc (d), extinction and 1100 (Panel e)! tile infl fled  colors (panel fl m~surcs  for infrared
emissivity  (panel g) and the ratio of in[cgrated  line crnission of 13C0 and C’80 (panel h). Note that
in LI 34 the extinction AB at position (0,0) is a lower lilnit,  (hcrefore IIIC derived parameters in (0,0)
arc also limi(s.

Figure 20
Similar as Fig. 19: slice through 1.1780.

Pigure  21
a. 31)c sim versus ‘JCO luminosity relationship for 18 lJCO c]unlps in the complex.
b. “Me size versus Iincwid(h re]a(ionship  fcx the 13C0 clumps in the complex.
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